Objectives-Translabial ultrasound (US) imaging is an emerging method for the evaluation of pelvic organ prolapse (POP). Normative data to date are limited to imaging in the supine position. The purpose of this study was to evaluate the effect of posture changes on US pelvic organ mobility.
P elvic organ prolapse (POP) is a common problem among women, affecting between 12% and 50% of the female population, with a lifetime risk for surgery of 20% by the age of 80 years and up to a 30% recurrence rate requiring additional surgery. 1, 2 The condition has a considerable impact on women's quality of life by causing discomfort and urinary, defecatory, and sexual dysfunction. 3 Conventionally, POP is quantified clinically by using the International Continence Society pelvic organ prolapse quantification (POP-Q) system. 4 Translabial ultrasound (US) imaging is an increasingly popular method for the evaluation of POP. A recent study showed good Videos online at jultrasoundmed.org correlation between US and clinical measures of prolapse. 5 However, for the convenience of the operator and patient, imaging is virtually always performed in the supine position; published normative data apply only to such a method. 6 An assessment in the standing position theoretically should result in higher values for pelvic organ descent, based on previous studies assessing the effect of patient posture on clinical examinations of POP. Barber et al 7 found a good correlation between the degree of POP assessed with the patient in the lithotomy and upright positions, with an overall higher degree of prolapse in upright patients. 7 This finding was also supported by Visco et al, 8 who found that, in most cases, the leading compartment was the same regardless of posture. The effect of bladder filling in combination with the patient position has also been examined, suggesting that an empty bladder and the standing position provide optimal conditions for showing maximal prolapse. 9 Unlike with the clinical examination, the effect of posture on US-determined POP is not well explored in the literature, with studies to date limited to bladder neck position. 10, 11 The aim of this study was to evaluate the effect of postural changes on commonly measured US parameters of pelvic organ mobility. Our hypothesis was that the US-determined pelvic organ position would not be significantly higher in the standing position compared to the supine position. Primary outcome measures included bladder, uterine, and rectal descent, and hiatal area, all on maximal Valsalva maneuver.
Materials and Methods
This work was a retrospective study of 175 women seen in a tertiary urogynecologic canter for symptoms of lower urinary tract and pelvic floor dysfunction between January 2013 and June 2014. The study was approved by the Nepean Blue Mountains Local Health District Human Research Ethics Committee (Reference NBMLHD HREC 14/22). All women underwent a local standardized nonvalidated physician-directed interview assessing symptoms of prolapse and lower urinary tract and defecatory dysfunction. The severity of prolapse symptoms was assessed by a visual analog scale in those who complained of symptoms of POP. This scale has been shown to be highly reproducible in assessing the severity of symptoms, including symptoms of pelvic floor dysfunction. 12, 13 A clinical assessment was then performed using the POP-Q system followed by a 4-dimensional translabial US examination in both supine and standing positions 11 with a Voluson 730 Expert US system (GE Healthcare, Zipf, Austria), equipped with an 8-4-MHz curved array volume transducer at an acquisition angle set to the system maximum of 85 8, in the supine position, after voiding as previously described.
14 A pelvic floor US assessment for prolapse takes, at most, 10 minutes and has been part of the routine assessment at the senior author's unit since 2004. Volumes were acquired at rest, on pelvic floor muscle contraction, and on Valsalva maneuver, which lasted at least 6 seconds. A minimum of 3 US volumes on Valsalva were acquired, and the volume showing the greatest degree of pelvic organ descent was used for the assessment of pelvic organ descent and the hiatal area on Valsalva maneuver. "Clinically significant prolapse" was defined as POP-Q stage 2 or higher in the anterior and posterior compartments or stage 1 or higher in the central compartment. 6 Maximum pelvic organ descent was defined as the maximal caudad displacement of pelvic organs in relation to the inferoposterior margin of the symphysis pubis, determined on maximal Valsalva maneuver and measured in the midsagittal view with translabial US ( Figure  F1  1 ). 15 Unlike POP-Q measurements, in which prolapse beyond the hymen is represented by positive values in centimeters, translabial US measurements are given in millimeters, with negative values signifying descent below the symphysis pubis. "Significant prolapse" on translabial US imaging was defined by using previously published cutoffs: ie, 10 and 15 mm or greater below the symphysis pubis for a cystocele and rectal ampulla, respectively.
16 "Significant Figure 1 . Assessment of pelvic organ descent against a horizontal line placed through the inferoposterior symphyseal margin (S). C indicates bladder; R, rectal ampulla; and U, uterus.
uterine descent" was defined as descent of the uterus to 15 mm above the symphysis pubis or lower. 17 Rectocele depth was measured in the event of the presence of true rectocele: ie, a diverticulum of the rectal ampulla characterized by the presence of a discontinuity in the anterior contour of the anterior anorectal muscularis, resulting in a diverticulum of the ampulla. Rectocele depth is measured perpendicular to a line extending from the anechoic anterior anorectal muscularis layer ( Figure  F2 2). 17 The hiatal area on maximum Valsalva maneuver was obtained in the axial plane by using rendered volumes with the area of interest set at 1 to 2 cm in thickness incorporating the plane of minimal hiatal dimensions, as previously described ( Figure  F3  3 ). 18 Video 1 shows determination of organ descent on Valsalva maneuver, as shown on translabial US imaging in the midsagittal plane.
A test-retest series of 20 US volume data sets obtained by the first and second authors to determine interobserver repeatability showed good repeatability of bladder neck mobility, bladder, uterine, and rectal ampulla positions, rectocele depth and the hiatal area on the Valsalva maneuver, with intraclass correlation coefficients of greater than 0.7 for all measures.
Statistical analyses were undertaken with SPSS version 20 software (IBM Corporation, Armonk, NY). The normality of continuous data was assessed by the Kolmogorov-Smirnov method. Pelvic organ descent measures in supine and standing positions were compared by the paired t test. P < .05 was considered statistically significant. Receiver operating characteristic statistics were used to assess the diagnostic performance of US measurements of pelvic organ descent in both positions for predicting symptoms of POP. Results were expressed as areas under the curve (95% confidence intervals) for US measures in the standing and supine positions. A univariate analysis using linear regression models controlling for age, body mass index, parity, vaginal parity, avulsion, and instrumental delivery was performed to compare receiver operating characteristic statistics for each compartment and the hiatus respectively. 
Results
Of 218 women seen during the inclusion period, 43 US volume data sets were unavailable (mostly due to lack of equipment availability), leaving 175 women for analysis. All data presented pertain to these 175 women. The mean age was 58 (SD, 13.5; range, 17 to 89) years, with 117 (69.0%) menopausal. The mean body mass index was 29 (SD, 6.1; range, 18 to 53) kg/m 2 . The age at first vaginal delivery was 24 (SD, 4.7; range, 16 to 37) years. Median parity and vaginal parity were 3 (range, 0 to 7; interquartile range, 3). Fifty-seven (32.6%) women had had a hysterectomy in the past, and 21 (12.0%) had previous incontinence/prolapse surgery.
Of all patients, 103 (58.9%) presented with symptoms of prolapse in the form of a lump in the vagina or a dragging sensation at a mean symptom severity score of 4 (SD, 3.75; range, 0 to 10). Clinically, 145 (82.8%) had significant prolapse, as defined above. It affected anterior and posterior compartment descent in 99 (56.6%) and 101 (57.7%), respectively; uterine descent was observed in 60 (58.5%) of those in whom the uterus was still in situ (n 5 118). The POP-Q measurements on clinical examination were as follows: mean anterior and posterior lowest points of prolapse (Ba and Bp) were 21 (SD, 1.9; range, 23 to 7) and 21 (SD, 1.6; range, 23 to 1 9) cm, respectively. The mean position of the cervix (C) was 24 (SD, 3.0; range, 29 to 7) cm. The mean genital hiatus (Gh) plus perineal body (Pb) was 8.0 (SD, 1.2; range, 5 to 12) cm. Table  T1 1 shows US-determined pelvic organ descent in the supine and standing positions. The positions of the bladder, uterus, and rectal ampulla were all significantly lower in the standing compared to the supine position. Similarly, the hiatal area on Valsalva maneuver was significantly larger in the standing position (P < .001). However, no significant difference was noted with regard to bladder neck mobility and rectocele depth. These findings remained significant on the multivariate analysis controlling for age, body mass index, parity, vaginal parity, avulsion, and instrumental delivery.
The receiver operating characteristic analysis assessing the diagnostic performance of US measures in predicting prolapse symptoms showed higher areas under the curve in the standing compared to the supine position ( Figure  F4  4) . However, these differences proved to be statistically nonsignificant.
Discussion

Main Findings
In this study of 175 women undergoing routine imaging assessments of pelvic organ descent, we found statistically significantly higher descent in all 3 compartments in the standing position. The difference was also significant for the levator hiatal area on the Valsalva maneuver. These findings were in agreement with previous studies assessing the effect of patient posture on the severity of POP and pelvic organ mobility on a clinical examination. 7, 8, 19 Higher values in the standing position are plausible, as the load exerted on support structures is further increased by the effects of gravity. This effect may in part be counteracted by an increased risk of leakage of urine, bowel gas, or even feces (which in some individuals may reduce the motivation to produce a maximum Valsalva maneuver and increase levator coactivation). 20 There is an ongoing controversy regarding optimal patient posture in diagnosing POP. Although it has been shown that the maximum extent of prolapse is best observed with the patient standing, 8 this position is difficult for both the examiner and patient and this limitation is true for both the clinical examination Data are presented as mean (SD) and mean (95% confidence interval). a Performed on those who had not had a hysterectomy, and the uterus was measured.
Braverman et al-Patient Posture and Pelvic Organ Prolapse and imaging. Furthermore, whereas overall pelvic organ descent is higher in the standing position, findings in the supine position are similar and correlate well 7 ; consequently, it has been claimed that an optimal clinical POP assessment may be achieved in the supine position. 19 An examination in the standing position is commonly reserved for cases in which false-negative findings are suspected after a supine assessment. Our findings support this practice: assessments in the standing position performed better in predicting prolapse symptoms for all 3 compartments and for the levator hiatus. However, this difference in diagnostic performance was nonsignificant. Thus, the additional effort of performing a translabial US examination in the standing position may not be routinely warranted.
Strengths and Limitations
The strength of this study lies in the fact that, compared to the clinical examination, imaging may be regarded as a more objective form of anatomic assessment, using a method that provides information not on surface anatomy but on actual organ descent. 6 What may be even more important is the fact that the analysis of US 
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volume data was performed offline and months after the data acquisition, allowing complete and secure blinding to all other data, especially patients' symptoms and clinical findings.
However, the retrospective study design has to be acknowledged as a limitation. Our study population consisted of patients with symptoms of lower urinary tract and pelvic floor dysfunction, which implies a selection bias. Furthermore, most were white. Earlier studies have shown substantial interethnic variation in pelvic floor functional anatomy and pelvic organ mobility. 21, 22 Therefore, our results may not be valid in different populations. Similar studies involving other ethnicities and asymptomatic cohorts may be necessary.
Conclusions
Pelvic organ descent on the Valsalva maneuver is more pronounced in the standing position, but differences are trivial, and diagnostic performance is not significantly enhanced by assessing the standing patient. Hence, it may not be necessary to perform prolapse assessments in the standing position, unless a false-negative finding is suspected.
